MATERIALS AND METHODS
Organisms. All strains used in this study were clinical isolates from 147 patients at The Queen Elizabeth Hospital and were confirmed as methicillin-resistant S. aureus organisms by Gram stain, catalase, DNase, and disk diffusion susceptibility tests (4) . They were stored at ambient temperature in maintenance medium described by Crowder (13) .
Susceptibility tests. All susceptibility tests were carried out on fresh overnight cultures obtained by streaking stock cultures on Columbia agar containing 5% defibrinated horse blood. Four to five morphologically similar colonies were suspended in 0.1 M phosphate-buffered saline (pH 7.2) . Turbidity of each suspension was adjusted in the Autobac nephelometer to ca. 108 CFU/ml. When diluted 10-fold in 0.1 M phosphate-buffered saline, the turbidity of the suspension was equivalent to that of standardized inoculum (ca. 107 CFU/ml). Both inocula were used for Autobac tests, while An agar dilution breakpoint test modified from the method described previously by Ericsson and Sherris (15) was performed on Iso-Sensitest agar (Oxoid Ltd., London, England) with the following antibiotics at the indicated final concentrations: chloramphenicol (8 p.g/ml; Sigma Chemical Co., St. Louis, Mo.); clindamycin (8 ,ug/ml; The Upjohn Co., Kalamazoo, Mich.); fusidic acid (1 ,ug/ml; Leo Pharmaceuticals); gentamicin (4 jig/ml; Schering Corp., Bloomfield, N.J.); kanamycin (4 ,ug/ml; Bristol Laboratories, Syracuse, N.Y.); methicillin (8 ,ug/ml; Beecham, Australia); and vancomycin (4 jig/ml; Eli Lilly & Co., Indianapolis, Ind.). A Steers replicator (30) delivering ca. 5 x i04 CFU was used to inoculate the antibiotic plates.
Disk diffusion tests were carried out by a modified KirbyBauer method (4) on Iso-Sensitest agar. After preliminary experiments with methicillin-resistant S. aureus and those antibiotics used in this report, results with Iso-Sensitest agar were comparable to those with Mueller-Hinton agar (unpublished data) such that interpretation of the zone sizes on Iso-Sensitest agar followed the recommendations of the National Committee for Clinical Laboratory Standards (26) .
Autobac Interpretive Susceptibility (AIS) tests were performed in sterile eugonic broth (Pfizer Inc., New York, N.Y.) according to the manufacturer's instructions with two inocula for each strain. All antibiotic elution disks were obtained from Pfizer except for fusidic acid (30 , ug; Oxoid Agar dilution methods. All isolates were found to be resistant to methicillin and susceptible to vancomycin; most isolates were resistant to clindamycin (89.1%), gentamnicin (75.5%), and kanamycin (76.2%); and a few isolates were resistant to neomycin (15.6%), chloramphenicol (0.7%), and fusidic acid (0.7%). Susceptibility to penicillin, tetracycline, and erythromycin was not tested by this method.
Disk diffusion method. The disk diffusion method showed that all 'methicillin-resi'stant S. aureus isolates were reproducibly resistant to penicillin, ampicillin, tetracycline, erythromycin, and methicillin. All methicillin-resistant S. aureus isolates produced only small zones of inhibition (<10 mm in diameter) around the methicillin disk at 35°C, and hence it was unnecessary to incubate these tests at 30°C to obtain full expression of methicillin resistance. Unlike clindamycin-sensitive methicillin-resistant S. aureus, which produced a completely clear zone (>20 mm in diameter), clindamycin-resistant methicillin-resistant S. aureus isolates produced light to medium background growth around the clindamycin disk, with a halo of complete inhibition at the periphery of the zone. Gentamicin-resistant isolates often produced small colonies which grew within zones 35 isolates correlated with their low incidence of clindamycin resistance. Excluding biotype 35 isolates, 99%p of the very major discrepancies were observed in the methicillinresistant S. aureus isolates for clindamycin.
However, when Autobac AISH1 and agar dilution tests for clindamycin were compared, the 'oyerall agreement increased to 66.7% for all isolates (Table 4) . Very major discrepancies decreased to 13%,-while minor discrepancies increased to 20% of all isolates. By using the high inocula in these Autobac tests, 53% of biotype 35 isolates (clindamycin sensitive) were interpreted as having intermediate resistance, yet clindamycin resistance was still not detected in $ to 17% of isolates from other biotypes.
When the Autobac AIS and apar dilution tests for gentamicin were com,pared, the overall agreement was 58.5%, ranging from 50 tp 100% for the different biotypes (Table 4 ).
All' bipotYte 35' isplates were resistant to gentar,icin, neomycin, apa kanarmycin by both test methods. In the remaining isolates, very major (38%) ' and nminor (9%) discrepancies pccurred overall in each biotype. In pontrast, when the higher inoculufn was used in the Autobac tests, the overall agreemeret between Autobac and agar dilution tests for geitamicin increaspd to 84%, and a few minor discrep:
ancies were observed in biotypes 72 and 41/51 (Table 4) .
DISCUSSION
The need for rapid and accurate detection of methicillinresistant organisms is becoming more important as the incidence of these organisms increases in clinical laboratories. Several problems have been reported in the literature concerning the ability of standard methods'(3, 14, 32) and automated systems (1, 6, 7, 9, 16, 31, 33) In earlier reports (1, 9, 16, 33) , Autobac produced only 20 to 75% agreement with conventional tests for methicillin, compared with the 80% agreement reported here. Methicillin resistance in S. aureus has been characterized by heterogeneity, in which only a few cells are resistant to methicillin and grow better at 30°C or in higher concentrations of salt (32) . HoWever, all isolates in this study showed high resistance to methicillin, being fully expressed at 35°C, and therefore Autobac seemed to perform better'by detecting 86% of methicillin-resistant strains in this study. Although discrepancies were more common in biotype 72 and 41/51 strains, the reasons remain unclear. VOL. 22, 1985 on November 6, 2017 by guest http://jcm.asm.org/ Downloaded from contain the pSK3 plasmid which carries gentamicin resistance genes. These isolates demonstrate low-level resistance to gentamicin, perhaps in part due to the relative instability of the resistance plasmid (unpublished data). Hence, Autobac probably failed to detect gentamicin resistance due to the combination of the instability of the gentamicin resistance plasmid and the low level of resistance that these plasmids encode. However, these gentamicin-resistant isolates were detected by the Autobac tests when the inocula were increased 10-fold. Alternatively, kanamycin susceptibility remains a good indicator of gentamicin susceptibility in our isolates.
The clindamycin-resistant methicillin-resistant S. aureus isolates grew well on plates containing 8 ,ug of clindamycin per ml, produced background growth around clindamycin disks in the disk diffusion tests, and showed antagonism between erythromycin and clindamycin disks (unpublished data). Garrod (17) first described dissociated resistance, whereby erythromycin-resistant staphylococci were susceptible to related antibiotics, such as clindamycin, yet became resistant to clindamycin in the presence of erythromycin. Erythromycin is the specific inducer of this type of resistance. Observations from this study suggest that the methicillin-resistant S. aureus isolates possess inducible resistance to clindamycin and that Autobac fails to detect such inducible resistance. The biotypes did not appear to affect the performance of Autobac in tests with clindamycin. Rather, the good agreement found in biotype 35 strains was due to the low incidence of clindamycin resistance in these isolates.
Autobac fails to detect resistance to methicillin, gentamicin, and clindamycin in methicillin-resistant S. aureus isolates, probably due to test conditions that might not fully express methicillin resistance, the relative instability of plasmids encoding low-level resistance to gentamicin, and the inducible resistance to clindamycin.
Currently, in our laboratory methicillin-resistant S. alureus isolateg are detected by the Autobac tests by virtue of the multiple resistance patterns within our hospital and are confirmed by biotyping and agar dilution tests.
